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Abstract — In this paper, a transmit antenna selection scheme, 
which is based on shadowing side information, is investigated. 
In this scheme, the selected single transmit antenna provides the 
highest shadowing coefficient between transmitter and receiver. 
By the proposed technique, the frequency of the usage of the 
feedback channel from the receiver to the transmitter and also 
channel estimation complexity at the receiver can be reduced. 
We study the performance of our proposed technique and in 
the analysis, we consider an independent but not identically 
distributed Generalized- A' composite fading model. More specifi- 
cally exact and closed-form expressions for the outage probability, 
the moment generating function, the moments of signal-to-noise 
ratio, and the average symbol error probability are derived. 
In addition, asymptotic outage probability and symbol error 
probability expressions are also presented in order to investigate 
the diversity order and the array gain. Finally, our theoretical 
performance results are validated by Monte Carlo simulations. 

Index Terms — Transmit antenna selection, shadowing, compos- 
ite fading channels, Generalized-A, diversity order. 



I. Introduction 

SIGNIFICANT improvement can be obtained in the perfor- 
mance of wireless communication systems when multiple 
antennas are used at the transmitter side 0, 0. However, the 
employment of multiple antennas at transmitter increases the 
cost, complexity, and power consumption due to the increase 
in the number of required radio frequency (RF) chains 0,0. 
Transmit antenna selection (TAS) reduces the number of RF 
chains and also the cost, complexity, and power consumption 
since it relies on a single transmitter structure 0, 0. In single 
TAS, a transmit antenna providing the highest instantaneous 
signal-to-noise ratio (SNR) at the receiver is selected and the 
selected antenna index is sent by the receiver to the transmitter 
over a feedback channel. 

Because of the advantages, TAS has attracted great interest 
and has been for example studied in Bl- lflOl for different 
receiver combining techniques. For instance, in 0-0 , the 
performance of TAS has been investigated for Rayleigh fading 
channels. In 0, and iflOll . the authors have studied the 
performance of TAS in Nakagami-m fading, considering the 
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independent identically distributed (i.i.d.) and independent but 
not identically distributed (i.n.d.) cases, respectively. 

It should be noted that, in ll5ll- lfT0l . the performance of the 
TAS scheme has been studied for a channel model including 
small-scale fading only. Moreover, in ll5l- lfT0l . the studied 
TAS scheme requires continuous estimation of the channel 
state information (CSI) coefficients of the branches at the 
receiver. These CSI coefficients and thus the index of the se- 
lected antenna change rapidly and as such a high rate feedback 
channel is required. This is typically an undesired situation 
because feedback channels have often low transmission rates 
and their numbers are limited. 

In this work, we focus on a single transmit antenna selection 
method which is based on shadowing side information (SSI) 
ifTTIl . Since SSI changes slowly as compared to CSI, by 
using TAS based on SSI the frequency of the usage of the 
feedback channel and the channel estimation complexity at 
the receiver can be reduced. In CSI based TAS, the receiver 
has to estimate the CSI of all transmit antennas in order to 
select the transmit antenna. On the other hand in the proposed 
technique, TAS is done based on SSI, and receiver has to 
estimate the CSI of only selected transmit antenna in order 
to use in maximum likelihood detection. This leads to a 
simpler receiver design. This technique can be used for the 
system involving multiple antenna transmitters which have a 
single RF chain. In addition, this technique can also be used 
in distributed transmit antenna systems in which a mobile 
station selects the best base station/access point |10|. Besides, 
the next generation wireless communications systems require 
higher data rate, which can be provided using millimeter wave 
communications (60 GHz and beyond). In higher frequency 
bands, shadowing effect comes into prominence fl2l . iTOIl . 
In addition, in these high frequency bands, CSI varies very 
fast and TAS based on instantaneous CSI becomes useless 
because the selected antenna index varies very fast. In this 
context, we analyze the performance of TAS based on SSI 
scheme in i.n.d. Generalized- A" fading channels. Generalized- 
K composite fading model fl4| . lfT31 is a generalization of 
the K distribution ifTBI. iTTTl. 

The remainder of the paper is organized as follows. The 
system and channel models are described in Section [TT] In 
Section [TTT1 the outage probability, moments and moment 
generating function (MGF) and some symbol error probability 
(SEP) expressions are derived. In addition, asymptotical out- 
age probability and SEP expressions are found to obtain the 
diversity order and the array gain of the TAS based on SSI. 
Next, numerical and simulation results are given in Section 
HVl Finally, conclusions are drawn in Section IVl 
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II. System and Channel Models 

We consider a wireless communication system in which the 
transmitter is equipped with L antennas and the receiver is 
equipped with a single antenna. The links between the transmit 
antennas and the receiver are affected by an i.n.d. generalized- 
K composite fading. The receiver selects a single transmit 
antenna which provides the highest shadowing coefficient 
between the transmitter and receiver. The index of the selected 
transmit antenna is then sent by the receiver to the transmitter. 
In our analysis, we assume an error/delay free feedback 
channel. 

Assuming that the r th transmit antenna is selected the 
conditional received SNR can be expressed as 



Tend/, 



(E s /N ) h; max {gf} = a max f3 r , (1) 

Ki<L 



where E s is average energy per symbol, No is one-sided power 
spectral density of the additive white Gaussian noise, h r is the 
fading coefficient between the selected antenna and receiver 
and gt, t = 1, 2, . . . , L are the shadowing coefficients between 
transmit antennas and receiver. In (|T} /3 r — h%, a max — 
maxi<^< L {a e }, and a e = (gfE 8 /N ), £ = 1,2,..., L. 
Since we assume g?s and hgs are i.n.d. Nakagami-m random 
variables, o^s and /3^s are Gamma random variables with 
the parameters m a ,i and mp t i, E [ott\ = M\gf\(E s /No) = 
(tt e E s /No) Q. Without any loss of generality we assume that 
E \BA = 1. 



The outage probability of the received SNR for any selected 
antenna can be obtained by averaging (HJ over antenna selec- 
tion probabilities yielding 

L 

where P r is the probability of r th antenna selection. If the 



,,//> 



antenna is selected, the shadowing coefficient of the r 



III 



antenna is the largest among all other coefficients. Let X = 
Xi, X2, . . . , be the set of shadowing coefficients except 

the selected one (a max ) which is bigger than the maximum 
of X. As such, we can write the following equation for P r 

P r = P (ma X {X u X 2 , ...,X L -i}<X 

m ax 

\a r ) 



Fx .max; 

{x)fa,r(x)dx, (5) 



where Fx,max(') is the CDF of the maximum of L— 1 Gamma 
random variables. Substituting ( IA.71 > with L— 1 and f a . r (x) = 
(m atr /fl atr ) ma ' r x rna ' r ~ 1 exp(— xm at r/fl atr )/T(m a , r ) into 
(0, and using [19, Eq.(3.326)] we obtain after some manipu- 
lations 



Pr = 



1 



n n.k 



£ - £ 

nefli-i fci=0 fe L _ 1= 



E 



(6) 



III. Performance Analysis 

A. Outage Probability 

Outage probability (P ou t) is defined as the probability that 
the received SNR ("fend), falls below a certain threshold value 
(7th) ED- We can write P out = F Jend (y th ), where F 7end (-) 
is cumulative distribution function (CDF) of received SNR. 

Theorem 1. When the r th antenna is selected, the CDF of 
received SNR can be expressed as 



F,, 



where 



1 



' (xmp jT 



B, 



A ni k—m0, r 



x K, n 



, r -A n , k \2y/%B n m/3 tr } 



(2) 



n 

1=1 

L 



1 \n trr , n l( k l + 1 )- 1 



7i 



A n ,k = ^2 k t n £- ( 3 ) 



1=1 1=1 

Proof: Proof of Theorem Q] is given in Appendix A. ■ 
In (O, 7£ = E[a^], T(-) is the Gamma function |fl9l Eq. 
(8.310.1)] and K v (-) is the uth order modified Bessel function 
of second kind lfl9l Eq. (8.407.1)]. As a short hand notation, 

m a .i — 1 mct,L — 1 

the following notation: 13 = £ X) ' ' ' X > i s use d 

n£0 L fci=0 k L =0 

in (|2j and will be used from now on. 

'in this paper, E [■] denotes the expectation operator. 



B. Moments of the Received SNR 

By using the first two moments of the received SNR, impor- 
tant performance measures such as average received SNR and 
the amount of fading (AF) can be obtained. AF is defined as 

[x 2 ] ~ (E W M) 2 ) / (E 7e „ d N) 2 G8). The 



lend 



J 7e»d I 



pth order moment of the received SNR can be derived by 
following integral E 7erid [a; p ] = p J °° x v ~ x [1 — F lend (x)] dx. 
If © is substituted and Q9j Eq.(7.81 1.4)] is used, we obtain 
the following closed-form expression for the moments 



= -*££■ 



P r K n ,kT [P + mp yr + 



T (mp, r ) 



T{p + A n , k + ^) 



m a „ tin 



(7) 



<73,r 



C. Moment Generating Function 

The MGF is a well known tool to obtain perfor- 
mance of wireless communication systems 0181 . The MGF 
can be derived by using the CDF as M. 1 (s) = 
s r o °° e~ sx F 1 d (x)dx. By substituting the CDF given in (0]l 
and using |[T9i Eq.(6.643.3)], the following closed-form ex- 
pression is obtained for the MGF 

M 1 (s) = l+> > I -r^- 



r=1 y/e-"/n m f>.< 



r (mf3, r ) 



(8) 
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where /i = B n mp :r /s and W a ,b(') is the Whittaker-W 
function which is defined in |fl9l Eq.(9.222)]. 

D. Symbol Error Probability 

By using the MGF based approach, the performance of 
a wide variety of modulations can be expressed in a single 
integral representation [18]. However, in this section we give 
closed-form SEP expressions for modulations which have a 
conditional SEP in the form 



P, = E, 



(9) 



where Q(-) is the Gaussian Q-function defined by |fl8l Eq. 
(4.1)], and the coefficients a and b are modulation dependent 
constants. (O provides the exact SEP results for binary phase 
shift keying (BPSK) (a = 1, b = 1), orthogonal binary 
frequency shift keying (a = 1, b = 0.5), and Af-ary pulse 
amplitude modulation [a = 2(M - 1)/M, b = 3/(A7 2 - 1)]. 
Moreover, (O provides approximate SEP results for A7-PSK 
[a = 2, b = sin 2 (tt/M)] and rectangular M-ary quadrature 
amplitude modulation [a = 4-4/v / M, b = 1.5/(M-1)] |22l . 
When (0 is rewritten in terms of CDF, the following SEP is 
obtained P s = ^77= Jo" ^/^-F-y cn d( x )dx, by substituting the 
CDF given in © and then using [19, Eq.(6.643.3)], a closed- 
form expression for the SEP is obtained as 



Ps 



P r aK ntk T (A n ^ k + \) r (mg^ + |) 
2B r f ™ ,fc r (m^.r-) v 7 " 



7re 



x W 



(£)• 



(10) 



where £ = B n mp, r /b. 



E. Asymptotical Performance Analysis 

The analytical performance expressions derived in previous 
sections do not reveal any information about the diversity 
order of the network. Therefore, in order to provide further 
insight on our performance analysis and obtain the diversity 
order of the TAS scheme based on SSI, we use the high 
SNR approximation technique presented in ||23l to derive 
asymptotical outage probability and SEP expressions. 

Theorem 2. The outage probability of the TAS scheme based 
on SSI can asymptotically be expressed as: 



P, 



(C/d) (W7) d + O (7" d ) 



1. 



(11) 

, L, are 



where 7 = re 171 = K2J2 = ■ ■ ■ = klJl, re& i 
positive constants and d = mm(d a ,dp), d a = Y^t=i m a,t 
dp = mini< r <L (mp, r )- In ( 1771 ). £ is given as follows: 



E 



PpZ L T(A d )( Kj r- 



d n > df> 



L 

E 

4=1 



m„jZi In 



dp d T(d p )/Pp 



dp, (12) 



PpLZ L T(-A d ) (dp) 

r(d/0 



d a < dp, 



where A d = d a — dp, tp denotes Euler's constant [24, Eq. 

(1.7.7)], z L = n 



L 

1=1 



{r. 



-p i — and Pa is the selection 

probability of the antenna whose instantaneous SNR distribu- 
tion has the smallest mp^ r . 

Asymptotic SEP expression of TAS based on SSI for the 
modulations, which have a conditional SEP given in (O, can 
also be obtained as 

P s a 2 d ~Vr (d + 1/2) (d^Y 1 (2&7)- d + O ( 7 " d ) (13) 

Proof: The proof of Theorem [2] is given in Appendix 151 

■ 

Since SEP is obtained asymptotically as P s w (G a j) d , 
where G a and Gd denote array gain and diversity gain (order), 
respectively, we can deduce the array gain expression as G a = 
2b(2 d ~ 1 a(r(d+ l/2)/(d^)y 1/d , and the diversity order 
expression as 

G d = min {d a ,dp} . (14) 

IV. Numerical Results 

In this section, we give some numerical results investigating 
the performance of TAS based on SSI. Numerical results, 
which are obtained based on our theoretical results are sup- 
ported by Monte Carlo simulations, in which N repeated 
random experiments based on the system model are executed 
and then the number of occurrences of the interested event is 
counted and divided by N, which gives the estimation for 
the probability of the interested event. In this work, N is 
taken to be 20 million. In the numerical results, m a — 1 and 
m a = 3 are used for heavy shadowing and light shadowing 
cases, respectively l25ll . 

Figure Q] depicts the outage probability performance of the 
TAS scheme based on SSI for different number of antennas, 

1.1. d. channels and m a ,e — m a & — mp, £ 

1.2 / . Id FigureQ] the curve with L = 1 shows the outage 

probability performance of single transmit antenna system. As 
seen in Figure [T] as the number of antennas at the transmitter 
increases outage probability performance of the system also 
increases. Moreover, for m a = nip = 1, the outage probability 
performances of the TAS scheme based on SSI for L = 2, 
L = 3 and L = 4 are 9 dB, 11 dB and 12 dB better than 
that of L = 1 case at P ou t = 10~ 4 , respectively. Since 
in TAS based on SSI, the transmit antenna is selected with 
respect to shadowing coefficients, the fading coefficient of the 
selected antenna ends up being assigned randomly. Therefore, 
the presented result in Figure [T] illustrates performance of 
the systems limited (determined) by statistical properties of 
fading coefficients. Since m a,i > mini< r <£ (mp jT ), 

the negative slopes of the curves (i.e., diversity orders) for TAS 
based on SSI curves are the same as the curve for L = 1. This 
means that only an array gain can be obtained in this case. The 
performance improvement of the TAS based on SSI is much 
more in heavy shadowing case. Since the antenna selection 
is done based on shadowing coefficient, TAS based on SSI 
provides more gain when the channel has severe shadowing. 
Also as seen in Figure Q] the analytical and simulation results 
are in perfect agreement. 
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Average SNR per branch [dB] 

Fig. 1 . Outage probability results for TAS based on shadowing for different 
number of antennas and i.i.d. channels. 



In Figure [2] SEP performance results of TAS based on 
SSI are presented for BPSK modulation, different number of 
antennas and i.i.d. channels m a> t = m a — 1 & mpj = 
mp = 4, t = 1, 2, . . . , L. As shown in Figure [2] TAS scheme 
based on SSI not only provides an array gain as in the cases 
presented in Figure Q]but also provides a certain diversity gain. 
For the presented results since shadowing coefficients (with 
m a £ = m a = 1, i = 1, 2, . . . , L) dominate fading coefficients 
(with mpj = irifs = 4, £ = 1,2, . . . , L), then performance 
of the system is limited by the shadowing coefficients and 
by selecting transmit antenna based on shadowing coefficients 
(i.e., SSI) diversity gain can be obtained. For the presented 
results, diversity order of the system is equal to 2, 3 and 4 for 
L = 2, L = 3 and L = 4, respectively. Moreover, negative 
slopes of the exact curves and asymptotical curves are very 
compatible especially in the high SNR regime. 

Figure [3] presents SEP performance of BPSK modulation 
over i.n.d. channels, for L = 3, m a = {m ai i, rn a ^, to q .3} = 
{1,1,1}, mp = {m^i, to^, rrig^} = {2,3,1} and L = 2, 
m a = {m Qj i,m Qi2 } = {3,2}, mp = {m^i, m^} = {2,3}. 
In Figure [3] we compare TAS based on SSI to random 
TAS without shadowing where single transmit antenna is 
selected randomly and shadowing effect is ignored. As seen 
in Figure [3] SEP performance of TAS based on SSI is slightly 
better or worse than that of random TAS without shadowing. 
This means that by using TAS based on SSI, the shadowing 
effects on the transmitted signal are eliminated or enlightened. 
Moreover, it is clearly seen that the diversity orders of the 
curves are as given in ( fl4l i. 

In FigureH] the SEP performance results are presented in the 
presence of correlation between shadowing coefficients In the 
simulations, power correlation model is used 0181 . According 
to results as the correlation increases between shadowing 
coefficients the gain coming along with TAS based on SSI 
reduces. 




5 10 15 20 25 30 35 40 45 

Average SNR per branch [dB] 



Fig. 2. SEP results for TAS based on shadowing for different number of 
antennas, i.i.d. channels and BPSK modulation. 




10 20 30 40 50 60 

Average SNR per branch [dB] 



Fig. 3. SEP results for TAS based on shadowing for different number of 
antennas, i.n.d. channels and BPSK modulation. 



Figure [5] illustrates the impact of the feedback error on 
the SEP performance of the TAS based on SSI for different 
channel conditions and probability of feedback error (p e ). In 
order to simulate the feedback error case we use the same 
feedback channel model described in [26), [27|. In this model, 
index of the selected antenna is sent by using binary digits and 
antenna index requires k — \log 2 (L)~\ bits, where L is the 
number of transmit antennas and \x] denotes nearest integer 
which is greater than or equal to x. The feedback channel 
is modeled as binary symmetric channel; thus probability of 
feedback error (p e ) is the same for each feedback bit. Index 
of the selected antenna is received correctly and incorrectly 
with the probability P c j — (1 — p e ) k and P e f = 1 — P c f, 
respectively. According to results in Figure [5] in the presence 
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L = 1 (Exact) 
p = 95 (Simulation) 
p = 8 (Simulation) 
* — p = 5 (Simulation) 
♦ p = (Simulation) 
p = (Exact) 




20 30 40 

Average SNR per branch [dB] 



Fig. 4. Impact of the correlation between shadowing coefficients on the 
performance of the TAS based on SSI for different fading parameters and 
different correlation coefficients. 



of feedback error performance of the TAS based on SSI de- 
grades. However, as the probability of feedback error reduces 
performance of the system improves. 



-* L = 1 

O P c = 05 (Simulation) 
P o = 01 (Simulation) 
+ P c = (Simulation) 
- - P = (Exact) 




20 30 40 

Average SNR per branch [dB] 



Fig. 5. Impact of the feedback error on the performance of the TAS based on 
SSI for different fading and shadowing parameters and different probability 
of feedback errors and BPSK modulation. 



V. Conclusions 

In this work, a new transmit antenna selection scheme has 
been proposed. In this scheme, a single transmit antenna is se- 
lected based on the shadowing side information. Exact closed- 
form outage probability, moments, MGF and SEP expressions 
have been derived for the generalized-X fading composite 
channel model. In addition, the diversity order and array gain 
of the system have been obtained by deriving asymptotical 



outage probability and SEP expressions. According to the 
obtained results, as the number of antennas increases, the 
performance of the TAS based on SSI improves and the 
shadowing effect on transmitted signal can be eliminated. In 
addition, the diversity order of the system is equal to minimum 
of sum of shadowing parameters (m a ^, £ = 1, 2, . . . , L) and 
minimum of fading parameters (mp^, £ — 1,2, ... , L). 

Appendix A 

Proof of Theorem 1: The CDF of the conditional received 
SNR given in (HJ can be obtained as follows 



Fp, r (x\u) f a ,max(u)du, 



(A.l) 



where Fp, r (x\u) is the conditional CDF of SNR 
for the rth branch which is given by Fp, r (x\u) = 
y (mp r , xmp t r/u) JT (mp, r ), where 7(-,-) is the lower 
incomplete Gamma function [19 Eq. (8.350.1)]. Besides, by 
using EQ Eq.(07.34.03.0088.01)] and OH Eq.(9.31.5)], it 
can also be expressed in terms of the Meijer-G function [19 
Eq.(9.301)] as 



G 



0,2 



Fp >r (x\u) = 1 - 



u I 1, 1— m/3, r 
xmp >r I 



T(mp, r ) 
(•) is PDF of a max . Since the 



(A.2) 



In dA.lt , f a , m ax(-) is PDF of a max . Since the a e s have a 
Gamma distribution, their CDF is expressed as F a ^(x) = 
y (ma^xmaj/ji) /T (m a ,t)- By using the property of the 
lower incomplete Gamma function given in [19 Eq. (8.352.6)], 
F a ,e (x) can be expressed as 



F a>i (x) = l-e x 



E 

k=Q 



1 



(A3) 



when the m a ^s are restricted to be integer values. Since a max 
is the highest one among ag_, £ = 1,2, ... ,L, we can write 
the CDF of a m ax in terms of CDFs of ais as, F a , max (x) — 
nr=i F «A X ) ESI- If <E3 is substituted we obtain 



F a 



(*)=n 



E 

k e =0 



y$ l k t \ 



(A.4) 



Lemma. Let gi (x) be an arbitrary function, 6l is the set of 
binary numbers whose lengths are L and rig is the I th element 
of binary number n. Note that one can show that the following 
equation is valid 

L L 

Y[{l- 9e (x)} = J2 II (-^^ ^ ■ (A-5) 
i=\ nee L i=i 

Proof of Lemma: In order to prove the Lemma, we give 
some illustrative examples. Let Xi be an arbitrary variable or 
arbitrary function, we can write following equation: 

2 

IJ = (1 - si) (1 - a*) 
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In general, one can show that powers of xes are the binary 
numbers and they are elements of the set including binary 
numbers whose lengths are upper limit of production. More- 
over, signs of the terms are minus or plus when sum of the 
powers is an odd number or even number, respectively. In this 
way we can write a general expression as given in ( IA.5I ) for 
the product given in jAAj . ■ 
By using our novel representation given in Lemma above 
we can express F a: , nax (x) as 



Fa, max (^) — ^ ^ 



neti L i 



E 

fe f =0 



1 I \k t 

(xm a ^) 



Since n e 6 {0, 1}, (1A.61 > can be expressed as 



F n 



(x) 



: ^ri,fe6 "X 



(A.6) 



(A.7) 



where K„ fe, B n and A n ^ are as given in {3). The PDF of 
maximum of i.n.d. Gamma random variables can be obtained 
by taking the derivative of iA.li , and can be written as 
f a ,max{x) = B K n ,ke~ xBrl x An - k ~ 1 (A n , k - xB n ) and can 
also be expressed by using Oil Eq. (07. 34. 03. 0228. 01) and 
Eq.(07.34.20.0001.01)] in terms of the Meijer-G function as 

lr] -\ Kn ' k ni.2 ~ J 



xB n 



A n , k - 1, 



(A.8) 



Using properties of the Meijer-G function given by |fl9l Eq. 
(7.811.1) and Eq. (9.31.1)], F lendr {x) in ( TaTT i can be derived 

as 



T{mp^ r )B J ri 



(A.9) 

Using HU Eq.(9.31.1) and Eq.(9.34.3)], the Meijer-G function 
in dA.9l ) reduces to a modified Bessel function of second kind, 
and then F lcnd r (x) can be written as given in (0. ■ 

Appendix B 

Proof of Theorem 2: Using the proposed method in [23 1 
to obtain asymptotic outage probability and SEP expressions 
as given in (fTTT i and ( fT3l ). respectively, we have first to express 
the PDF of the received SNR as f lend {x) « ((x/j) d + 
O (7~ d )- The PDF of received SNR can be obtained as 



L /.oo 

/ 7e » d W I f&,r (x\u) f a , m ax{u)d 

„_1 Jo 



u, (B.l) 



where 



r (m^,.. 



(B.2) 



and 



L L 
fa,max(x) = fa,j(x) JJ -F a ^(x). (B.3) 
, = 1 f=l 

We can asymptotically express the F a p(x) by using the 
property of lower incomplete gamma function given by ll24l 
Eq. (45:9:1)] as F a/ (x) w (xm aJ J^) m ^ /T (m a/ + 1). 



we 



If we substitute approximate F a f(a;) expression into dB.3 

together with f aj (x) = (^—) ^ 
obtain after some manipulation 

L 



ill] 



(B.4) 



If (IB.2t and (IB.41 are substituted into (IB. lb then by the help 
of Il20l Eq. (3.471.9)] and after some manipulatons we obtain 



L L 



lend \ 



ttir r — d a 



r=l j = l 



xT (m^ r )/(2P r Z L ) 



xiriajmp^ 
7i/4 ' 



(B.5) 



By using the asymptotic properties of the modified Bessel 
function of second kind given in ll24l Sect. (50:9)], we can 
express the f lend (x) after several manipulations f~f end (x) « 
C(x/j) d + O {l~ d ) where d = min(d Q ,d^) and C is as 
given in ( fl2b . Consequently, we can write the asymptotic 
outage probability and SEP expressions given by (TTTb and ( ITJb . 
respectively. ■ 
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